Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 

(1 1)Publication number : 11-235029 
(43)Date of publication of application : 27.08.1999 



(51)lnt.CI. 


H02M 
H02M 


3/28 
3/335 




H02M 


7/21 



(21) Application number : 10-035740 (71)Applicant : TDK CORP 

(22) Date of filing : 18.02.1998 (72)lnventor : AONUMA KENICHI 

TAKAGI MASAKAZU 



(54) SWITCHING POWER SUPPLY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To control generation of 
loss and noise due to difference of the operation delay 
time of a switching element by providing a signal timing 
adjusting means so that the timing of input of the control 
signal to the first switching means is delayed from input 
of the control signal to the second and third switching 
means. 

SOLUTION: A delay circuit 8 is arranged to the circuit 
between the control circuit 4 and drive circuit 5 of first 
switching element 1 . An insulation circuit 9 connected to 
the drive circuits 6, 7 of the second and third switching 
elements 2, 3 is connected to the control circuit 4 
between the control circuit 4 and delay circuit 8. The 
control signal V4 from the control circuit 4 is input in 

direct to the drive circuits 6, 78 but input to the drive circuit 5 via a delay circuit 8. When a 
current 13 becomes zero, the third switching element 3 turns Off to impede a terminating 
current of the secondary coil 1 1 b of transformer 1 1 . Until the time when the current 12 starts to 
flow, the second switching element 2 is in the ON state. Therefore, the current 12 does flow 
into a parasitic diode and flows only through the channel between the drain and source of the 
element 2. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A switching circuit which has the 1st switching means which changes input voltage 
into high-frequency voltage, It has ******** by which a primary coil was connected to said 
switching circuit, and a secondary coil was connected to an output circuit. Said output circuit 
The 2nd switching means and magnetic cell which were connected to said secondary coil of said 
transformer at a serial, It has a rectification means which becomes said secondary coil from the 
3rd switching means connected to juxtaposition. A control means which forms a control signal 
given to said 1st switching means in order to carry out on-off control of said 1st switching means 
so that output voltage may serve as a predetermined value is established. On-off control of said 
2nd switching means is carried out by signal from said control means which synchronized with a 
control signal given to said 1st switching means. On-off control of said 3rd switching means 
came to be carried out to a control signal given to said 1st switching means by signal from said 
control means which has timing of reverse. It is a synchronous detection mold power unit. In 
order to compensate a difference of an actuation time delay based on said 1st switching means, 
said 2nd [ the ] and a resisting pressure property between said 3rd switching means, or a 
difference of current capacity Synchronous detection mold switching telegraph-key equipment 
characterized by what a signal timing adjustment means to make it timing as which a control 
signal is inputted into said 1st switching means rather than timing as which a control signal is 
inputted into said 2nd and 3rd switching means become late was established for. 
[Claim 2] It is switching power supply equipment characterized by being a delay means to delay 
the timing of a control signal of being switching power supply equipment indicated to claim 1, 
and inputting said signal timing adjustment means into said 1st switching means. 
[Claim 3] It is switching power supply equipment characterized by the ability to set up now 
independently a time delay [ as opposed to / are switching power supply equipment indicated to 
claim 2, and / an ON signal to said 1st switching means in said delay means ], and a time delay 
over an off signal. 

[Claim 4] Switching power supply equipment characterized by being switching power supply 
equipment indicated to claim 3, establishing a load current detection means, and coming to 
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change a time delay over an ON signal to said 1st switching means according to magnitude of 
the load current. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention switches input voltage by the switching means, changes it 
into high-frequency voltage, and relates to the switching power supply equipment which 
transforms this high-frequency voltage with a transformer, rectifies and outputs the output 
voltage of arbitration. Especially this invention establishes a switching means as a rectifying 
device of the rectifier circuit of the output section, and relates to the synchronous detection mold 
switching power supply equipment it was made to operate this switching means synchronizing 
with actuation of the switching means of an input circuit. 
[0002] 

[Description of the Prior Art] Input voltage is changed into high-frequency voltage by the 
switching means, it is impressed by the primary coil of a transformer, and the switching power 
supply equipment which took out the secondary coil of this transformer from the output circuit 
which has a rectifier circuit as a dc output is known well. In this switching power supply 
equipment, it connects with a rectifying device, magnetic cells, such as a coil, and secondary 
coils, such as diode connected to the secondary coil of a transformer at the serial, at juxtaposition, 
and a rectifier circuit is equipped with another rectifying device. On-off control of the switching 
means of an input side is carried out by the control signal from a control circuit so that output 
voltage may serve as a predetermined value. In the switching power supply equipment of this 
format, in order to mitigate loss by the forward drop voltage of a proper to diode, it replaces with 
diode and a switching device is used, the configuration which these switching devices are 
synchronized with the switching means of an input side, and was made to carry out on-off 
control is known as a synchronous detection mold switch power unit, and the typical thing of the 
switch power unit of such format is indicated by JP,4-4750,A, JP,5-260738,A and JP,7- 
194104,A, and the list at the U.S. Pat. No. 4,870,555 description. 

[0003] An example of the conventional synchronous detection mold switch power unit is shown 
in drawing 5 . In drawing 5 , a power supply 1 3 is connected to primary- winding 1 la of a 
transformer 1 1, and the switching device 1 of an FET mold is further connected to this primary- 
winding 11a. The output circuit 14 which has a rectifier circuit 12 is connected to secondary coil 
1 lb of a transformer 1 1 , and this output circuit 14 is connected to a load 1 5. A rectifier circuit 12 
is equipped with 2nd switching device 2 and magnetic cell, i.e., inductor, 12a connected to 
secondary- winding 1 lb of a transformer 1 1 at the serial. Moreover, a rectifier circuit 12 is 
equipped with the 3rd switching device 3 connected to juxtaposition at secondary-winding lib 
of a transformer 1 1. In order to control switching devices 1, 2, and 3, the control circuit 4 is 
formed. It connects with the output circuit 14 through the insulating circuit 9 or the load voltage 
detector 10 which consists of a photo coupler or a transformer, and a control circuit 4 outputs the 
control signal V4 for controlling a switching device 1 which modulated pulse width so that 
output voltage might become fixed. The output V4 of a control circuit 4 is impressed to the gate 
electrode of the 1st switching device 1 as an output VI through the actuation circuit 5. The 
control signal V4 from a control circuit 4 is connected to the actuation circuits 6 and 7 again 
through the insulating circuit 9 which consisted of a transformer or a photo coupler. The 
actuation circuit 6 impresses the same polar output V2 as the output VI impressed to the 1st 
switching device 1 to the gate electrode of the 2nd switching device 2. The actuation circuit 7 
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impresses the output V3 of reversed polarity to the gate electrode of the 3rd switching device 3 
with the output VI impressed to the 1st switching device 1. 

[0004] As everyone knows, on-off control of the 1st switching device 1 is carried out by the 
control signal from a control circuit 4, voltage from a power supply 13 is made into high- 
frequency voltage, and this high-frequency voltage is impressed to the primary winding of a 
transformer 1 1. It is rectified by the rectifier circuit 12 and the voltage generated in secondary- 
winding 1 lb of a transformer 1 1 is outputted from an output circuit 14. The output voltage of an 
output circuit 14 is detected by the load voltage detector 10, and is inputted into a control circuit 
4. A control circuit 4 generates the control signal for controlling the 1st switching device 1 so 
that output voltage serves as a predetermined value. In a rectifier circuit 12, when the 1st 
switching device 1 is an ON state, the 2nd switching device 2 will also be in an ON state, and the 
3rd switching device 3 is turned off. If the 1st switching device 1 becomes off, the 2 switching 
devices 2 of ** will also become off, and the 3rd switching device 3 will be turned on. 
[0005] Here, when a control signal is impressed to the same timing as the 1st, 2nd, and 3rd 
switching device 1, 2, and 3, a gap is produced to timing of operation between each switching 
device for the operational characteristic of FET which constitutes a switching device. That is, 
there is a time delay of operation after the voltage impressed to a time delay of operation and a 
gate electrode until the drain current which flows this switching device after driver voltage is 
impressed to the gate electrode of a switching device reaches a steady-state value is severed until 
drain current will not flow. The effectiveness of switching power supply equipment falls for this 
time delay. If this point is explained to details, since voltage of an input side is high, generally 
FET which constitutes the switching device 1 of an input side will have comparatively high 
pressure-proofing, and what has small current capacity will be used. Therefore, this switching 
device 1 has a comparatively short time delay after a time delay and driver voltage after driver 
voltage is impressed to a gate electrode until it will be in an ON state are removed until it will be 
in an OFF state. On the other hand, voltage of an output side is low and, generally, as for FET 
which constitutes the switching devices 2 and 3 of an output side, the thing with low pressure- 
proofing which has large current capacity is used. For this reason, in these switching devices 2 
and 3, a time delay after a time delay and driver voltage after driver voltage is impressed to a 
gate electrode until it will be in an ON state are removed until it will be in an OFF state is 
comparatively long. 

[0006] The voltage or the current wave form of each part of switching power supply equipment 
shown in drawing 5 is shown in drawing 6 . Time of day tO If a control signal V4 becomes a high 
from a low, the output VI from the actuation circuit 5 and the output V2 from the actuation 
circuit 6 will become a high simultaneously. Moreover, the output V3 from the actuation circuit 
7 becomes a low to the same timing, this time of day tO from - after the time delay according to 
the operational characteristic of a switching element, and time of day tl A switching element 1 is 
turned on and current II flows to upstream coil 1 la of a transformer 1 1. Simultaneously, it is 
current 12 to secondary coil 1 lb of a transformer 1 1. It generates. Current 13 which was flowing 
to the switching element 3 by the OFF state of a switching element 1 Time of day tl It begins to 
decrease and is time of day t2. It becomes zero. On the property of an element, since the 
actuation time delay of a switching element 3 is longer than the time delay of a switching 
element 1, at this event, a switching element 3 is still in an ON state. Therefore, secondary- 
winding 1 lb of a transformer 1 1 will be in a short circuit condition through switching elements 2 
and 3, and a big short-circuit current flows and it causes degradation and a noise. Moreover, 
since the actuation time delay is longer than a switching element 1, at this event, a switching 
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element 2 also has a switching element 2 in an OFF state. Therefore, since the short-circuit 
current which flows through this switching element 2 will pass not along the channel between 
the drain sources but along internal parasitism diode, loss becomes large. It sets to drawing 6 and 
is current 12. A slash shows the current which flows to parasitism diode inside. 
[0007] Time of day t3 If a control signal V4 becomes a low from a high, the output VI from the 
actuation circuit 5 and the output V2 from the actuation circuit 6 will become a low. The output 
V3 of an actuation circuit becomes a high from a low to the same timing, time of day t3 from — 
after the time delay according to the operational characteristic of a switching element, and time 
of day t4 a switching element 1 - off - becoming -- current II and 12 decreasing - beginning - 
current 13 It begins to increase. Since a switching element 3 still is not an ON state at this time, 
to this switching element 3, current comes to flow through parasitism diode, and loss becomes 
large. To drawing 6 , it is current 13. A look shows the current which flows to parasitism diode 
inside. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention makes it to offer the switching power 
supply equipment which can control the loss by difference of the actuation time delay of the 
switching element of a switching circuit and the switching element of a rectifier circuit, and 
generating of a noise the technical problem which should be solved in the synchronous detection 
mold switching telegraph-key equipment of the format mentioned above. 
[0009] 

[Means for Solving the Problem] Switching power supply equipment by this invention for 
solving the above-mentioned technical problem A switching circuit which has the 1st switching 
means which changes input voltage into high-frequency voltage, It has ******** by which a 
primary coil was connected to this switching circuit, and a secondary coil was connected to an 
output circuit. This output circuit The 2nd switching means and magnetic cell which were 
connected to a secondary coil of a transformer at a serial, It has a rectification means which 
becomes a secondary coil from the 3rd switching means connected to juxtaposition. A control 
means which forms a control signal given to this 1st switching means in order to carry out on-off 
control of the 1st switching means so that output voltage may serve as a predetermined value is 
established. On-off control of the 2nd switching means is carried out by signal from a control 
means which synchronized with a control signal given to the 1st switching means. A control 
signal with which the 3rd switching means is given to the 1st switching means is equipment of a 
synchronous detection mold by which on-off control came to be carried out by signal from a 
control means which has timing of reverse. A power unit of this invention has a signal timing 
adjustment means to make it timing as which a control signal is inputted into the 1st switching 
means rather than timing as which a control signal is inputted into the 2nd and 3rd switching 
means become late in order to compensate a difference of an actuation time delay based on a 
resisting pressure property between the 1st switching means and the 2nd and 3rd switching 
means, or a difference of current capacity as the feature. As for this signal timing adjustment 
means, it is most desirable to constitute as a delay means to delay timing of a control signal 
inputted into the 1st switching means. In this case, as for this delay means, it is desirable to 
enable it to set up independently a time delay over an ON signal to the 1st switching means and a 
time delay over an off signal. A load current detection means is established and it is made for a 
time delay over an ON signal to the 1st switching means to be changed in a still more desirable 
mode of this invention according to magnitude of the load current. 

[0010] In switching power supply equipment of this invention as mentioned above with a signal 
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timing adjustment means In order to compensate a difference of an actuation time delay based on 
a difference of a resisting pressure property between the 1st switching means and the 2nd and 3rd 
switching means Since it adjusts so that timing as which a control signal is inputted into the 1st 
switching means rather than timing as which a control signal is inputted into the 2nd and 3rd 
switching means may become late On--off timing of the 1st, 2nd, and 3rd switching element can 
be synchronized thoroughly, current which flows to parasitism diode of a switching element can 
be decreased, loss can be reduced, and generating of a noise can be controlled. 
[0011] 

[Example] Hereafter, the example of this invention is explained about drawing. If drawing 1 is 
referred to first, the circuit of the example shown here is almost the same as that also of the 
conventional circuit shown in drawing 5 , and a configuration and an operation, and a 
corresponding portion will attach the same agreement and will omit detailed explanation. In the 
circuit of this example, a delay circuit 8 is arranged in the circuit from the control circuit 4 to the 
actuation circuit 5 of the 1st switching element 1. The insulating circuit 9 connected to the 
actuation circuits 6 and 7 of the 2nd and 3rd switching element 2 and 3 is connected to a control 
circuit 4 between a control circuit 4 and a delay circuit 8. Therefore, although the direct input of 
the control signal V4 from a control circuit 4 is carried out to the actuation circuits 6 and 7, it is 
inputted into the actuation circuit 5 through a delay circuit 8. The voltage or the current wave 
form of each part of a circuit shown in drawing 2 at drawing 1 is shown. Time of day tO If a 
control signal V4 becomes a high from a low, the output V2 from the actuation circuit 6 will 
become a high, and the output V3 from the actuation circuit 7 will become a low to the same 
timing simultaneously, the actuation circuit 5 of the 1st switching element 1 — a control signal 
V4 - time amount deltaTl only - since it is behind and is inputted - output VI of the actuation 
circuit 5 Time of day tO Time amount deltaTl only - overdue time of day tl from a low — yes, it 
comes to be alike a switching element 1 time of day tO from — after the time delay according 
to the operating characteristic of this switching element, and time of day t2 ON — becoming — 
current II Primary- winding 1 la of a transformer 1 1 flowing - simultaneous secondary- 
winding 1 lb of a transformer 1 1 Current 12 It generates. Current 13 which was flowing to the 
switching element 3 by the OFF state of a switching element 1 Time of day t2 It begins to 
decrease and is time of day t3. It becomes zero. Time of day t3 It is current II and 12 then. A 
steady-state value is reached, a switching element 3 - time of day to from — after the time delay 
according to the operational characteristic of this switching element, and time of day t3 It turns 
off. **T1 Time of day t3 It is determined that a switching device 3 turns off. Since the time 
amount which the direction when turning off the actuation time delay in a switching element 
turns on is generally long, a switching element 2 is time of day t2. It is turned on when early. 
[0012] It sets in this circuit and is time of day t3. Current 13 Since the 3rd switching element 3 
also becomes off when becoming zero, it can prevent that a short-circuit current flows to 
secondary- winding 1 lb of a transformer 1 1 . current 12 Time of day t2 which begins to flow by - 
since the 2nd switching element 2 is turned on - current 12 Flowing the channel between the 
drain sources of an element 2, to parasitism diode, current hardly flows. Thus, in this example of 
this invention, loss can be reduced and a noise can be decreased. Time of day t4 If a control 
signal V4 becomes a low from a high, the output V2 of the actuation circuit 6 will become a low. 
The output V3 of an actuation circuit also becomes a high from a low to the same timing, the 
output VI of the actuation circuit 5 of the 1st switching element 1 - time of day t4 from - time 
amount deltaT2 only - overdue time of day t5 yes - since ~ it becomes a low. this time of day 
t5 from - after the time delay according to the operational characteristic of a switching element, 
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and time of day t6 a switching element 1 - off becoming — current II and 12 decreasing 
beginning — current 13 It begins to increase. Time amount deltaT2 Since it has determined that it 
corresponds to the difference of an actuation time delay in case an actuation time delay and the 
3rd switching element 3 in case the 1st switching element 1 is turned off from an ON state are 
turned on from an OFF state, it is time of day t6. When a switching element 1 becomes off, the 
switching element 3 is already turned on and current hardly flows through parasitism diode to 
this switching element 3. 

[0013] Generally, the actuation time delay in a switching element is longer than the time of the 
direction when turning off turning on. Therefore, the timing which the 2nd switching element 2 
turns off in this example is time of day t6. Overdue time of day t7 It becomes, therefore, current 
12 — time of day t7 up to ~ the channel of a switching element 2 can be flowed and it does not 
flow to parasitism diode Time delay deltaTl of a delay circuit in case a control signal V4 
becomes a high from a low in an above-mentioned example Time delay deltaT2 of a delay circuit 
in case a control signal V4 becomes a low from a high Although selecting separately, 
respectively is desirable, even if it makes it the same value, the effect of a considerable degree 
can be attained. In addition, time delay deltaT2 of a delay circuit in case a control signal V4 
becomes a low from a high depending on the configuration of a circuit, an input state, or the 
property of a switching element It is good also as zero. 

[0014] Other examples of this invention are shown in drawing 3 . In this example, the control 
circuit 4 is arranged in the secondary circuit of a transformer 1 1 , and the control signal V4 from 
this control circuit 4 is directly inputted into the actuation circuits 6 and 7, without passing 
through an insulating circuit. In respect of others, this example is the same as the example of 
drawing 1 , and the same is said of the actuation. Drawing 4 shows still more nearly another 
example of this invention. In this example, the current detector 1 5 is established in the upstream 
circuit of a transformer 1 1 . It connects with a delay circuit 8, it responds to reduction in the 
output current, and this current detector 15 is a time delay deltaTl . It becomes large, it responds 
to the increment in the output current, and is a time delay deltaTl. A delay circuit 8 is controlled 
to become small. When the load current decreases with the configuration of the example of 
drawing 1 , it is current 13. The time of day and current II which become zero from a steady- 
state value, and 12 The time of day which becomes a steady-state value from zero is t3. It 
becomes early and is time of day t2. It approaches. However, the time of day which the 3rd 
switching element 3 turns off is t3. Since it is as, while the switching element 3 is continuing the 
ON state, switching elements 1 and 2 are turned on. For this reason, in the circuit which passes 
along the secondary coil of a transformer 1 1, a short-circuit current flows through switching 
elements 2 and 3, and it becomes the cause of noise generating in it. Since the example of 
drawing 4 controls a time delay according to the output current, it can solve this problem. 
[0015] The trial calculation of the improvement in efficiency which can be attained by the 
configuration of this invention was made about the specific example. As an assumption, in the 
conventional circuit, the current between 211 nS(s) flows to the parasitism diode of a switching 
element, and the voltage drop in parasitism diode is set to 0.9 V by the difference in the delay of 
a switching element of operation. The specification of a power unit sets V0 =3.3 V, 10 =15 A, and 
drive frequency to 250 kHz, and sets the resistance in the switch-on of a switching element to 
5.7mohm. If effectiveness at the time of constituting a rectifier circuit from diode is made into 
75%, it is FET about this diode. The effectiveness of synchronous detection mold switching 
power supply equipment equipped with the rectifier circuit replaced with the switching element 
of a mold becomes 82.9%, and the effectiveness of the equipment of the example of this 
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invention shown in drawing 1 becomes 83.9%. In this count, only an improvement of the 
effectiveness acquired by compensating the actuation delay of a switching element among the 
effects acquired by this invention is taken into consideration. The improvement effect of loss 
resulting from a short-circuit current is attained, and the noise relief effect is also remarkable in 
this invention. 

[0016] Actuation time delay deltaT2 in the circuit of the specification used for above-mentioned 
count at drawing 7 It considers as zero and is deltaTl . Change of the effectiveness at the time of 
making it change and change of a short-circuit current and recovery current are shown. Here, a 
short-circuit current and recovery current are current 13 which flows the 3rd switching element 3. 
The current which flows to an arrow head and an opposite direction is pointed out inside. When a 
time delay is made to increase from this drawing, it turns out that a short-circuit current 
decreases and effectiveness is improved about 5%. There is also a portion which compensation 
of the actuation delay of the 2nd switching element 2 contributes in this improvement in 
efficiency. When a time delay becomes large too much, it is current 13. Since the condition that 
the 3rd switching element 3 turns off is produced while flowing, it is current 13. Parasitism diode 
will be flowed and effectiveness falls. It is current 13 to parasitism diode. If the 1st switching 
element 1 is turned on while flowing, recovery current will flow to the parasitism diode of the 
3rd switching element 3. This recovery current increases in proportion to a time delay, and 
becomes the cause which worsens effectiveness. 

[0017] In addition, in the example of drawing 4 , although the current detector 1 5 linked to the 
primary side circuit of a transformer 1 1 was used for detection of the load current, this current 
detector 15 may be established in the secondary circuit of a transformer 1 1 . 
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TECHNICAL FIELD 



[Industrial Application] This invention switches input voltage by the switching means, changes it 
into high-frequency voltage, and relates to the switching power supply equipment which 
transforms this high-frequency voltage with a transformer, rectifies and outputs the output 
voltage of arbitration. Especially this invention establishes a switching means as a rectifying 
device of the rectifier circuit of the output section, and relates to the synchronous detection mold 
switching power supply equipment it was made to operate this switching means synchronizing 
with actuation of the switching means of an input circuit. 
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PRIOR ART 



[Description of the Prior Art] Input voltage is changed into high-frequency voltage by the 
switching means, it is impressed by the primary coil of a transformer, and the switching power 
supply equipment which took out the secondary coil of this transformer from the output circuit 
which has a rectifier circuit as a dc output is known well. In this switching power supply 
equipment, it connects with a rectifying device, magnetic cells, such as a coil, and secondary 
coils, such as diode connected to the secondary coil of a transformer at the serial, at juxtaposition, 
and a rectifier circuit is equipped with another rectifying device. On-off control of the switching 
means of an input side is carried out by the control signal from a control circuit so that output 
voltage may serve as a predetermined value. In the switching power supply equipment of this 
format, in order to mitigate loss by the forward drop voltage of a proper to diode, it replaces with 
diode and a switching device is used, the configuration which these switching devices are 
synchronized with the switching means of an input side, and was made to carry out on-off 
control is known as a synchronous detection mold switch power unit, and the typical thing of the 
switch power unit of such format is indicated by JP,4-4750,A, JP,5-260738,A and JP,7- 
194104,A, and the list at the U.S. Pat. No. 4,870,555 description. 

[0003] An example of the conventional synchronous detection mold switch power unit is shown 
in drawing 5 . In drawing 5 , a power supply 13 is connected to primary-winding 1 la of a 
transformer 1 1 , and the switching device 1 of an FET mold is further connected to this primary- 
winding 1 la. The output circuit 14 which has a rectifier circuit 12 is connected to secondary coil 
1 lb of a transformer 11, and this output circuit 14 is connected to a load 15. A rectifier circuit 12 
is equipped with 2nd switching device 2 and magnetic cell, i.e., inductor, 12a connected to 
secondary- winding 1 lb of a transformer 1 1 at the serial. Moreover, a rectifier circuit 12 is 
equipped with the 3rd switching device 3 connected to juxtaposition at secondary-winding 1 lb 
of a transformer 1 1 . In order to control switching devices 1, 2, and 3, the control circuit 4 is 
formed. It connects with the output circuit 14 through the insulating circuit 9 or the load voltage 
detector 10 which consists of a photo coupler or a transformer, and a control circuit 4 outputs the 
control signal V4 for controlling a switching device 1 which modulated pulse width so that 
output voltage might become fixed. The output V4 of a control circuit 4 is impressed to the gate 
electrode of the 1st switching device 1 as an output VI through the actuation circuit 5. The 
control signal V4 from a control circuit 4 is connected to the actuation circuits 6 and 7 again 
through the insulating circuit 9 which consisted of a transformer or a photo coupler. The 
actuation circuit 6 impresses the same polar output V2 as the output VI impressed to the 1st 
switching device 1 to the gate electrode of the 2nd switching device 2. The actuation circuit 7 
impresses the output V3 of reversed polarity to the gate electrode of the 3rd switching device 3 
with the output VI impressed to the 1st switching device 1. 

[0004] As everyone knows, on-off control of the 1st switching device 1 is carried out by the 
control signal from a control circuit 4, voltage from a power supply 13 is made into high- 
frequency voltage, and this high-frequency voltage is impressed to the primary winding of a 
transformer 11. It is rectified by the rectifier circuit 12 and the voltage generated in secondary- 
winding 1 lb of a transformer 1 1 is outputted from an output circuit 14. The output voltage of an 
output circuit 14 is detected by the load voltage detector 10, and is inputted into a control circuit 
4. A control circuit 4 generates the control signal for controlling the 1st switching device 1 so 
that output voltage serves as a predetermined value. In a rectifier circuit 12, when the 1st 
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switching device 1 is an ON state, the 2nd switching device 2 will also be in an ON state, and the 
3rd switching device 3 is turned off. If the 1st switching device 1 becomes off, the 2 switching 
devices 2 of ** will also become off, and the 3rd switching device 3 will be turned on. 
[0005] Here, when a control signal is impressed to the same timing as the 1st, 2nd, and 3rd 
switching device 1, 2, and 3, a gap is produced to timing of operation between each switching 
device for the operational characteristic of FET which constitutes a switching device. That is, 
there is a time delay of operation after the voltage impressed to a time delay of operation and a 
gate electrode until the drain current which flows this switching device after driver voltage is 
impressed to the gate electrode of a switching device reaches a steady-state value is severed until 
drain current will not flow. The effectiveness of switching power supply equipment falls for this 
time delay. If this point is explained to details, since voltage of an input side is high, generally 
FET which constitutes the switching device 1 of an input side will have comparatively high 
pressure-proofing, and what has small current capacity will be used. Therefore, this switching 
device 1 has a comparatively short time delay after a time delay and driver voltage after driver 
voltage is impressed to a gate electrode until it will be in an ON state are removed until it will be 
in an OFF state. On the other hand, voltage of an output side is low and, generally, as for FET 
which constitutes the switching devices 2 and 3 of an output side, the thing with low pressure- 
proofing which has large current capacity is used. For this reason, in these switching devices 2 
and 3, a time delay after a time delay and driver voltage after driver voltage is impressed to a 
gate electrode until it will be in an ON state are removed until it will be in an OFF state is 
comparatively long. 

[0006] The voltage or the current wave form of each part of switching power supply equipment 
shown in drawing 5 is shown in drawing 6 . Time of day tO If a control signal V4 becomes a high 
from a low, the output V 1 from the actuation circuit 5 and the output V2 from the actuation 
circuit 6 will become a high simultaneously. Moreover, the output V3 from the actuation circuit 
7 becomes a low to the same timing, this time of day tO from — after the time delay according to 
the operational characteristic of a switching element, and time of day tl A switching element 1 is 
turned on and current II flows to upstream coil 1 la of a transformer 1 1 . Simultaneously, it is 
current 12 to secondary coil 1 lb of a transformer 1 1 . It generates. Current 13 which was flowing 
to the switching element 3 by the OFF state of a switching element 1 Time of day tl It begins to 
decrease and is time of day t2. It becomes zero. On the property of an element, since the 
actuation time delay of a switching element 3 is longer than the time delay of a switching 
element 1, at this event, a switching element 3 is still in an ON state. Therefore, secondary- 
winding 1 lb of a transformer 1 1 will be in a short circuit condition through switching elements 2 
and 3, and a big short-circuit current flows and it causes degradation and a noise. Moreover, 
since the actuation time delay is longer than a switching element 1, at this event, a switching 
element 2 also has a switching element 2 in an OFF state. Therefore, since the short-circuit 
current which flows through this switching element 2 will pass not along the channel between 
the drain sources but along internal parasitism diode, loss becomes large. It sets to drawing 6 and 
is current 12. A slash shows the current which flows to parasitism diode inside. 
[0007] Time of day t3 If a control signal V4 becomes a low from a high, the output VI from the 
actuation circuit 5 and the output V2 from the actuation circuit 6 will become a low. The output 
V3 of an actuation circuit becomes a high from a low to the same timing, time of day t3 from — 
after the time delay according to the operational characteristic of a switching element, and time 
of day t4 a switching element 1 ~ off — becoming — current II and 12 decreasing - beginning — 
current 13 It begins to increase. Since a switching element 3 still is not an ON state at this time, 
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to this switching element 3, current comes to flow through parasitism diode, and loss becomes 
large. To drawing 6 , it is current 13. A look shows the current which flows to parasitism diode 
inside. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] This invention makes it to offer the switching power 
supply equipment which can control the loss by difference of the actuation time delay of the 
switching element of a switching circuit and the switching element of a rectifier circuit, and 
generating of a noise the technical problem which should be solved in the synchronous detection 
mold switching telegraph-key equipment of the format mentioned above. 
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MEANS 



[Means for Solving the Problem] Switching power supply equipment by this invention for 
solving the above-mentioned technical problem A switching circuit which has the 1st switching 
means which changes input voltage into high-frequency voltage, It has ******** by which a 
primary coil was connected to this switching circuit, and a secondary coil was connected to an 
output circuit. This output circuit The 2nd switching means and magnetic cell which were 
connected to a secondary coil of a transformer at a serial, It has a rectification means which 
becomes a secondary coil from the 3rd switching means connected to juxtaposition. A control 
means which forms a control signal given to this 1st switching means in order to carry out on-off 
control of the 1st switching means so that output voltage may serve as a predetermined value is 
established. On-off control of the 2nd switching means is carried out by signal from a control 
means which synchronized with a control signal given to the 1st switching means. A control 
signal with which the 3rd switching means is given to the 1st switching means is equipment of a 
synchronous detection mold by which on-off control came to be carried out by signal from a 
control means which has timing of reverse. A power unit of this invention has a signal timing 
adjustment means to make it timing as which a control signal is inputted into the 1st switching 
means rather than timing as which a control signal is inputted into the 2nd and 3rd switching 
means become late in order to compensate a difference of an actuation time delay based on a 
resisting pressure property between the 1 st switching means and the 2nd and 3rd switching 
means, or a difference of current capacity as the feature. As for this signal timing adjustment 
means, it is most desirable to constitute as a delay means to delay timing of a control signal 
inputted into the 1st switching means. In this case, as for this delay means, it is desirable to 
enable it to set up independently a time delay over an ON signal to the 1st switching means and a 
time delay over an off signal. A load current detection means is established and it is made for a 
time delay over an ON signal to the 1st switching means to be changed in a still more desirable 
mode of this invention according to magnitude of the load current. 

[0010] In switching power supply equipment of this invention as mentioned above with a signal 
timing adjustment means In order to compensate a difference of an actuation time delay based on 
a difference of a resisting pressure property between the 1st switching means and the 2nd and 3rd 
switching means Since it adjusts so that timing as which a control signal is inputted into the 1st 
switching means rather than timing as which a control signal is inputted into the 2nd and 3rd 
switching means may become late On-off timing of the 1st, 2nd, and 3rd switching element can 
be synchronized thoroughly, current which flows to parasitism diode of a switching element can 
be decreased, loss can be reduced, and generating of a noise can be controlled. 
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EXAMPLE 



[Example] Hereafter, the example of this invention is explained about drawing. If drawing 1 is 
referred to first, the circuit of the example shown here is almost the same as that also of the 
conventional circuit shown in drawing 5 , and a configuration and an operation, and a 
corresponding portion will attach the same agreement and will omit detailed explanation. In the 
circuit of this example, a delay circuit 8 is arranged in the circuit from the control circuit 4 to the 
actuation circuit 5 of the 1st switching element 1. The insulating circuit 9 connected to the 
actuation circuits 6 and 7 of the 2nd and 3rd switching element 2 and 3 is connected to a control 
circuit 4 between a control circuit 4 and a delay circuit 8. Therefore, although the direct input of 
the control signal V4 from a control circuit 4 is carried out to the actuation circuits 6 and 7, it is 
inputted into the actuation circuit 5 through a delay circuit 8. The voltage or the current wave 
form of each part of a circuit shown in drawing 2 at drawing 1 is shown. Time of day tO If a 
control signal V4 becomes a high from a low, the output V2 from the actuation circuit 6 will 
become a high, and the output V3 from the actuation circuit 7 will become a low to the same 
timing simultaneously, the actuation circuit 5 of the 1st switching element 1 — a control signal 
V4 — time amount deltaTl only — since it is behind and is inputted — output VI of the actuation 
circuit 5 Time of day tO Time amount deltaTl only — overdue time of day tl from a low — yes, it 
comes to be alike a switching element 1 — time of day tO from - after the time delay according 
to the operating characteristic of this switching element, and time of day t2 ON ~ becoming ~ 
current II Primary- winding 1 la of a transformer 1 1 flowing — simultaneous - secondary- 
winding 1 lb of a transformer 1 1 Current 12 It generates. Current 13 which was flowing to the 
switching element 3 by the OFF state of a switching element 1 Time of day t2 It begins to 
decrease and is time of day t3. It becomes zero. Time of day t3 It is current II and 12 then. A 
steady-state value is reached, a switching element 3 — time of day to from — after the time delay 
according to the operational characteristic of this switching element, and time of day t3 It turns 
off. **T1 Time of day t3 It is determined that a switching device 3 turns off. Since the time 
amount which the direction when turning off the actuation time delay in a switching element 
turns on is generally long, a switching element 2 is time of day t2. It is turned on when early. 
[0012] It sets in this circuit and is time of day t3. Current 13 Since the 3rd switching element 3 
also becomes off when becoming zero, it can prevent that a short-circuit current flows to 
secondary- winding 1 lb of a transformer 11. current 12 Time of day t2 which begins to flow by - 
since the 2nd switching element 2 is turned on — current 12 Flowing the channel between the 
drain sources of an element 2, to parasitism diode, current hardly flows. Thus, in this example of 
this invention, loss can be reduced and a noise can be decreased. Time of day t4 If a control 
signal V4 becomes a low from a high, the output V2 of the actuation circuit 6 will become a low. 
The output V3 of an actuation circuit also becomes a high from a low to the same timing, the 
output VI of the actuation circuit 5 of the 1st switching element 1 — time of day t4 from - time 
amount deltaT2 only ~ overdue time of day t5 yes — since - it becomes a low. this time of day 
t5 from - after the time delay according to the operational characteristic of a switching element, 
and time of day t6 a switching element 1 - off - becoming - current II and 12 decreasing - 
beginning — current 13 It begins to increase. Time amount deltaT2 Since it has determined that it 
corresponds to the difference of an actuation time delay in case an actuation time delay and the 
3rd switching element 3 in case the 1st switching element 1 is turned off from an ON state are 
turned on from an OFF state, it is time of day t6. When a switching element 1 becomes off, the 
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switching element 3 is already turned on and current hardly flows through parasitism diode to 
this switching element 3. 

[0013] Generally, the actuation time delay in a switching element is longer than the time of the 
direction when turning off turning on. Therefore, the timing which the 2nd switching element 2 
turns off in this example is time of day t6. Overdue time of day t7 It becomes, therefore, current 
12 -- time of day t7 up to - the channel of a switching element 2 can be flowed and it does not 
flow to parasitism diode Time delay deltaTl of a delay circuit in case a control signal V4 
becomes a high from a low in an above-mentioned example Time delay deltaT2 of a delay circuit 
in case a control signal V4 becomes a low from a high Although selecting separately, 
respectively is desirable, even if it makes it the same value, the effect of a considerable degree 
can be attained. In addition, time delay deltaT2 of a delay circuit in case a control signal V4 
becomes a low from a high depending on the configuration of a circuit, an input state, or the 
property of a switching element It is good also as zero. 

[0014] Other examples of this invention are shown in drawing 3 . In this example, the control 
circuit 4 is arranged in the secondary circuit of a transformer 11, and the control signal V4 from 
this control circuit 4 is directly inputted into the actuation circuits 6 and 7, without passing 
through an insulating circuit. In respect of others, this example is the same as the example of 
drawing 1 , and the same is said of the actuation. Drawing 4 shows still more nearly another 
example of this invention. In this example, the current detector 1 5 is established in the upstream 
circuit of a transformer 1 1 . It connects with a delay circuit 8, it responds to reduction in the 
output current, and this current detector 15 is a time delay deltaTl. It becomes large, it responds 
to the increment in the output current, and is a time delay deltaTl . A delay circuit 8 is controlled 
to become small. When the load current decreases with the configuration of the example of 
drawing 1 , it is current 13. The time of day and current II which become zero from a steady- 
state value, and 12 The time of day which becomes a steady-state value from zero is t3. It 
becomes early and is time of day t2. It approaches. However, the time of day which the 3rd 
switching element 3 turns off is t3. Since it is as, while the switching element 3 is continuing the 
ON state, switching elements 1 and 2 are turned on. For this reason, in the circuit which passes 
along the secondary coil of a transformer 1 1, a short-circuit current flows through switching 
elements 2 and 3, and it becomes the cause of noise generating in it. Since the example of 
drawing 4 controls a time delay according to the output current, it can solve this problem. 
[0015] The trial calculation of the improvement in efficiency which can be attained by the 
configuration of this invention was made about the specific example. As an assumption, in the 
conventional circuit, the current between 21 1 nS(s) flows to the parasitism diode of a switching 
element, and the voltage drop in parasitism diode is set to 0.9 V by the difference in the delay of 
a switching element of operation. The specification of a power unit sets V0 =3.3 V, 10 =15A, and 
drive frequency to 250 kHz, and sets the resistance in the switch-on of a switching element to 
5.7mohm. If effectiveness at the time of constituting a rectifier circuit from diode is made into 
75%, it is FET about this diode. The effectiveness of synchronous detection mold switching 
power supply equipment equipped with the rectifier circuit replaced with the switching element 
of a mold becomes 82.9%, and the effectiveness of the equipment of the example of this 
invention shown in drawing 1 becomes 83.9%. In this count, only an improvement of the 
effectiveness acquired by compensating the actuation delay of a switching element among the 
effects acquired by this invention is taken into consideration. The improvement effect of loss 
resulting from a short-circuit current is attained, and the noise relief effect is also remarkable in 
this invention. 
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[0016] Actuation time delay deltaT2 in the circuit of the specification used for above-mentioned 
count at drawing 7 It considers as zero and is deltaTL Change of the effectiveness at the time of 
making it change and change of a short-circuit current and recovery current are shown. Here, a 
short-circuit current and recovery current are current 13 which flows the 3rd switching element 3. 
The current which flows to an arrow head and an opposite direction is pointed out inside. When a 
time delay is made to increase from this drawing, it turns out that a short-circuit current 
decreases and effectiveness is improved about 5%. There is also a portion which compensation 
of the actuation delay of the 2nd switching element 2 contributes in this improvement in 
efficiency. When a time delay becomes large too much, it is current 13. Since the condition that 
the 3rd switching element 3 turns off is produced while flowing, it is current 13. Parasitism diode 
will be flowed and effectiveness falls. It is current 13 to parasitism diode. If the 1st switching 
element 1 is turned on while flowing, recovery current will flow to the parasitism diode of the 
3rd switching element 3. This recovery current increases in proportion to a time delay, and 
becomes the cause which worsens effectiveness. 

[0017] In addition, in the example of drawing 4 , although the current detector 15 linked to the 
primary side circuit of a transformer 1 1 was used for detection of the load current, this current 
detector 1 5 may be established in the secondary circuit of a transformer 1 1 . 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

f Drawing 1] It is the circuit diagram showing the switching power supply equipment by one 
example of this invention. 

[Drawing 2] It is the wave form chart showing the voltage of each part in the circuit of drawing 
I , or the wave of current. 

[Drawing 3] It is the same circuit diagram as drawing 1 which shows the switching power supply 
equipment by other examples of this invention. 

[Drawing 41 It is the same circuit diagram as drawing 1 which shows the switching power supply 
equipment by the example of further others of this invention. 

[Drawing 51 It is the same circuit diagram as drawing 1 which shows an example of conventional 
synchronous detection mold switching power supply equipment. 
[Drawing 61 It is drawing showing the wave of each part in the circuit of drawing 5 . 
[Drawing 7] It is the chart showing change of an improvement of the effectiveness acquired by 
this invention by the time delay in an example, a short-circuit current, and recovery current. 
[Explanation of agreement] 

1, 2, 3 [ ... A delay circuit, 9 / ... An insulating circuit 10 / ... A load voltage detector, 1 1 / ... A 
transformer, 12 / ... A rectifier circuit, 13 / ... A power supply, 14 / ... An output circuit, 15 / ... 
Load ] ... A switching element, 4 ... A control circuit, 5, 6, 7 ... An actuation circuit, 8 



JP 11-235029 



Pg 18 of 20 



CORRECTION OR AMENDMENT 



[Official Gazette Type] Printing of amendment by the convention of 2 of Article 17 of patent law 
[Category partition] The 4th partition of the 7th category 
[Date of issue] June 22, Heisei 13 (2001. 6.22) 

[Publication No.] JP,1 1-235029,A 
[Date of Publication] August 27, Heisei 1 1 (1 999. 8.27) 
[Year copy format] Open patent official report 1 1-2351 
[Filing Number] Japanese Patent Application No. 10-35740 
[The 7th edition of International Patent Classification] 



H02M 


3/28 


3/335 




7/21 




[FI] 




H02M 


3/28 


3/335 


B 


7/21 


A 



[Procedure amendment] 

[Filing Date] November 16, Heisei 11 (1999. 11.16) 

[Procedure amendment 1 ] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] A switching circuit which has the 1st switching means which changes input voltage 
into high-frequency voltage, 

******** by which a primary coil was connected to said switching circuit, and a secondary coil 
was connected to an output circuit, 

A preparation and said output circuit have a rectification means which becomes the 2nd 
switching means and a magnetic cell which were connected to said secondary coil of said 
transformer at a serial, and said secondary coil from the 3rd switching means connected to 
juxtaposition, 

In order to carry out on-off control of said 1st switching means so that output voltage may serve 
as a predetermined value, a control means which forms a control signal given to said 1st 
switching means is established, 

On-off control of said 2nd switching means is carried out by signal from said control means 
which synchronized with a control signal given to said 1st switching means, 
A control signal with which said 3rd switching means is given to said 1st switching means is a 
synchronous detection mold power unit by which on-off control came to be carried out by signal 
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from said control means which has timing of reverse, 

Synchronous detection mold switching power supply equipment characterized by what a signal 
timing adjustment means to make it timing as which a control signal is inputted into said 1st 
switching means rather than timing as which a control signal is inputted into said 2nd and 3rd 
switching means in order to compensate a difference of an actuation time delay based on said 1st 
switching means, said 2nd [ the ] and a resisting pressure property between said 3rd switching 
means, or a difference of current capacity become late was established for. 
[Claim 2] It is switching power supply equipment characterized by being a delay means to delay 
the timing of a control signal of being switching power supply equipment indicated to claim 1, 
and inputting said signal timing adjustment means into said 1st switching means. 
[Claim 3] It is switching power supply equipment characterized by the ability to set up now 
independently a time delay [ as opposed to / are switching power supply equipment indicated to 
claim 2, and / an ON signal to said 1st switching means in said delay means ], and a time delay 
over an off signal. 

[Claim 4] Switching power supply equipment characterized by being switching power supply 
equipment indicated to claim 3, establishing a load current detection means, and coming to 
change a time delay over an ON signal to said 1st switching means according to magnitude of 
the load current. 
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